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ABSTRACT Two pilot-scale intermittently operated horizontal subsurface-flow constructed wetlands (HSSFCWs), one planted with Acorus calamus L. and one with Phragmites australis (Cav.) Trin. ex Steud., were implemented for the polishing treatment of domestic wastewater from Huazhong Agricultural University dormitories, Hubei Province, China. The characteristics of nitrogen removal between the plant rhizosphere and non-rhizosphere were assessed from 19 September to 12 December 2012 to address the effect of plants. The mean removal efficiency of total nitrogen (TN) was 45.2% for the two HSSFCWs with a hydraulic loading rate of 0.15 m3 m-2 d-1. In both pilot-scale HSSFCWs, the nitrification intensity and numbers of nitrite-oxidizing bacteria and ammonia-oxidizing bacteria in the rhizosphere were significantly higher than in the non-rhizosphere, associated with oxygen release from plant roots. In contrast, the denitrification intensity and number of denitrifying bacteria were higher in the non-rhizosphere. Although significantly higher dissolved oxygen concentration at the root surface and greater numbers of nitrogen-processing bacteria in the rhizosphere occurred for Acorus calamus compared to Phragmites australis, very similar nitrogen removal efficiencies were observed in the two HSSFCWs, probably due to the relatively low N concentration of the wastewater treated in the wetlands. In addition, the removal efficiencies of NH4+-N and NO3--N were significantly positively correlated with water temperature in both HSSFCWs.
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1. Introduction
Excessive nitrogen input to unimpacted water bodies increases the potential risk of eutrophication, making it essential to protect ecosystems by reducing nitrogen loading prior to entering surface waters (Maltais-Landry et al., 2009). Constructed wetlands, an ecological technology for wastewater treatment, can be very useful as they are cost-effective and easily operated and maintained (Mietto and Borin, 2013). Hence, they have been used worldwide during the past decades, providing a natural means for ecological and simple wastewater treatment (Tunçsiper et al., 2009; Knowles et al., 2010).
Horizontal subsurface-flow constructed wetlands (HSSFCWs) are systems used for wastewater treatment that are particularly suitable for small communities (Pedescoll et al., 2011), and are generally used as a polishing process for the effluent from various biological wastewater treatment systems. However, although HSSFCWs are efficient in solids and organic matter removal, they are less efficient in nitrogen removal (Vymazal, 2009; Ngo et al., 2010; da Costa et al., 2013). Optimising the operation of HSSFCWs aims to improve the removal ability for nitrogen by HSSFCWs. Hence, several studies have evaluated the effect of the operation mode on removal efficiency and found that intermittent operation promotes better performance in ammonium removal than continuous operation (Stein et al., 2003; Caselles-Osorio and García, 2007; Pedescoll et al., 2011; Zhang et al., 2012).
The degradation of wastewater pollutants within HSSFCW systems occurs through various biological, physical and chemical processes simultaneously, and is related to the interactions between media, plants and microorganisms (Mburu et al., 2013). The removal of nitrogen by constructed wetlands is carried out through different mechanisms: plant absorption (ammonium and nitrate), ammonification of organic nitrogen, nitrification, denitrification, and volatilization as ammonium (Camacho et al., 2010). Biological nitrification, which is realized by nitrifying bacteria, is the major pathway for ammonium removal in HSSFCWs (Gersberg et al., 1985; Mayo and Bigambo, 2005).
The oxygen concentration in constructed wetlands is of great importance to the activities and reproduction of bacteria involved in the processes of nitrification and denitrification (Coleman et al., 2001; Sindilariu et al., 2008). Nitrification occurs preferentially in aerobic conditions, whilst anoxic conditions favor denitrification. Constructed wetlands can provide an effective zone for the degradation of contaminants due to enhanced microbial activity in the rhizosphere of plants (Stottmeister et al., 2003). Using microelectrodes in experimental wetlands, it has been shown that the redox potential at the root surface of Scirpus validus is higher than in the bulk water (Bezbaruah and Zhang, 2004), which is related to the presence of oxygen released by the plant roots (Peng et al., 2014).
In most cases the vegetation has a positive effect on the removal of nitrogen in constructed wetlands, i.e. it leads to higher treatment efficiency, and Phragmites australis is the wetland plant most frequently used worldwide (Vymazal, 2011). The plants used in constructed wetlands play an important role partly due to their rhizosphere creating a beneficial environment for removal processes. The rhizosphere provides media for bacterial growth and for solid filtration. The aerenchymatous oxygen supply to the rhizosphere enhances the decomposition of organic matter, further promoting degradation of nutrients by aerobic microbes (Schulz et al., 2003). Oxygen production in the micro-environment of plant roots may vary between species of wetland plants (Lai et al., 2011; Peng et al., 2014), suggesting that plant choice may influence nitrogen removal in HSSFCWs.
Although previous studies have investigated nitrogen transformation in HSSFCWs (Mayo and Bigambo, 2005; Ding et al., 2014; Coban et al., 2015), there appears to be no published research comparing nitrification and denitrification between the rhizosphere and non-rhizosphere in HSSFCWs operated intermittently. The main purpose of the current study was to investigate the effect of plants and temperature on nitrogen removal, including the numbers of nitrifying and denitrifying bacteria, the nitrification and denitrification abilities of the medium, and the oxygen concentrations at the root surface of plants in pilot HSSFCW systems.

2. Materials and methods
2.1. Description of the constructed wetlands
The pilot HSSFCWs were set up at Huazhong Agricultural University, Wuhan, Hubei Province, China (30˚28΄43˝ N, 114˚21΄12˝ E). Two pilot HSSFCWs, one planted with Acorus calamus L. (HSSFCW-A) and one planted with Phragmites australis (Cav.) Trin. ex Steud. (HSSFCW-P), were monitored from 19 September to 12 December 2012. Both HSSFCWs consisted of concrete basins (8 m length × 3 m width) with a bottom slope of 1%. The depth of the medium layer was 0.6 m, including a lower layer of 0.2 m depth (gravel size 30 - 50 mm), and an upper layer of 0.4 m depth (gravel size 10 - 40 mm). The mean porosity of the bulk medium was 42%, and the main chemical composition of gravel was SiO2 and Al2O3. Pipes (diameters 80 mm and 50 mm for main and branch pipes, respectively) were used for wastewater inflow and outflow from the subsurface wetlands. The water level in the HSSFCWs was kept 0.05 m below the gravel surface, to give a water depth of 0.55 m after inflow, by adjusting the height of the flexible outlet pipe.
The constructed wetlands were planted on 27 May 2011 with shoots from plants purchased from Wuhan Botanic Garden, Chinese Academy of Sciences. Shoots were planted in clusters (four shoots for Acorus calamus and five shoots for Phragmites australis), spaced 20 and 25 cm apart, respectively, to give the same shoot density of 80 shoots per m2 for both HSSFCWs.
The inlet wastewater for the HSSFCWs was domestic wastewater from the student dormitory of Huazhong Agricultural University after treatment by a regulating tank and integrated vertical constructed wetlands (Peng et al., 2014). The water entering the HSSFCWs was a mixture of the effluents from the two integrated vertical constructed wetlands (Fig. 1), and the HSSFCW effluent entered a oxidation pond used for aquatic plant cultivation. The main aim of the HSSFCWs was to reduce the N concentration in the effluent from the integrated vertical constructed wetlands which is typically > 10 mg l-1 total nitrogen (TN). The inlet pH value ranged from 7.54 to 7.63. 
Fig. 1. Structure of the constructed wetland system. Values are the mean of 6 sampling times from 19 September to 12 December 2012. Canna and Juncus effuses were planted in the integrated vertical wetlands.
The HSSFCWs were operated in intermittent mode with a hydraulic loading rate of 0.15 m3 m-2 d-1 since 2 December 2011. The inlet and outlet valves were closed after inflow to attain the designed value of hydraulic loading rate and the hydraulic retention time was 2.5 d. The hydraulic parameters were designed based on a BOD5 loading rate of approximately 5 g m-2 d-1 (Akratos and Tsihrintzis, 2007; Pedescoll et al., 2011). The mean surface NH4+-N load was 0.88 g m-2 d-1.
2.2. Sampling
Inlet and outlet wastewater samples from each HSSFCW were collected six times (19 September, 5 October, 21 October, 4 November, 21 November and 6 December 2012). The influent temperature was measured in situ during sampling. The samples were stored at 4°C immediately after collection and then the pH, TN, NH4+-N, NO3--N, and NO2--N concentrations were determined. On the same days as the water sampling, three samples in each situation of the medium in the rhizosphere and non-rhizosphere of the HSSFCWs were collected to determine the nitrification/denitrification intensity as well as the numbers of bacteria relevant to nitrogen cycling. Media samples from the rhizosphere were collected within a diameter of 10 cm around the plant main root at a depth of approximately 10 cm, and media samples from the non-rhizosphere were collected at the same depth but in the middle between two plant clusters. Both water and media samples were characterized in triplicate.
2.3. Analytical methods
Water sample pH was measured with a PHS-3C meter and probe calibrated with buffers of pH 4 and 7. NH4+-N, NO3--N, and NO2--N concentrations were determined with standard photometric techniques, and TN concentrations were measured after digestion with alkaline persulfate (State Environmental Protection Administration of the People’s Republic of China, 2002).
To determine nitrification and denitrification intensities, first a medium was prepared using 0.2 mol l-1 KH2PO4, 0.2 mol l-1 K2HPO4 and 0.05 mol l-1 (NH4)2SO4 with volume ratio of 7:3:30, and the pH adjusted to 7.2. 50 ml of the medium was placed into a 150 ml conical flask to which 20 g (fresh weight) media sample was added, and the top of the flask sealed with plastic wrap containing 10 small holes. The flasks were shaken at 140 rpm on an orbital shaker for 24 h at a temperature of 25°C, and then the suspension was removed and filtered through a 0.45 µm filter for determination of the NO3--N concentration. The NO3--N concentrations were determined before and after incubation. The nitrification intensity, in units of mg N kg-1 fresh weight media h-1, was calculated from the decrease in the NO3--N concentration after incubation (Wang, 2006). Similar experiments with a different medium (KH2PO4, K2HPO4, KNO3, and glucose) were conducted to determine the denitrification intensity except that the cultivation was anoxic, i.e. no holes in the plastic wrap and no shaking in the anoxic experiment. The denitrification intensity was calculated by the difference in NO3--N concentrations before and after incubation.
The numbers of ammonia-oxidizing bacteria, nitrite-oxidizing bacteria and denitrifying bacteria were determined with the most-probable-number (MPN) method (Xu, 1986) on a 20 g medium sample from the rhizosphere or non-rhizosphere which was placed in a 150 ml conical flask along with 50 ml of normal saline and agitated on a vortex mixer for 30 min. 
Whole plants, including roots, were collected from each HSSFCW six times (23 September, 5 October, 20 October, 4 November, 21 November and 6 December 2012) and the root surface washed using ultrapure water, before placing in a bucket filled with the primary effluent. After 2 h the dissolved oxygen concentration at the root surface was measured by placing a microelectrode (Unisense AS, Denmark) on the main root near the stem. 
2.4. Statistical analysis
One-way analysis of variance (ANOVA) tests were performed using SPSS 13.0 software to identify any significant differences between samples, with P < 0.05 indicating significance. Correlative analyses were performed using Pearson's correlation.

3. Results and discussion
3.1. Variation in nitrogen concentrations
Throughout the study period nitrogen concentrations in the influent to the HSSFCWs were stable overall and removal efficiency of all the four parameters related to nitrogen was similar with no significant differences between the two HSSFCWs (Fig. 2). The inlet of the HSSFCWs contained a mean of 12.1 mg l-1 TN, i.e. the mean inlet TN loading to the wetland was 1.8 g N m-2 d-1 with respect to the wetland surface. The mean removal rates for TN in HSSFCW-A and HSSFCW-P were 0.816 and 0.837 g N m-2 d-1, respectively, with no significant difference between them. Other studies (e.g. Zurita et al., 2009) have also reported that plant species had no influence on the removal rate of TN in both vertical and horizontal flow constructed wetlands, although the plant species influenced the removal rate of BOD, COD, TSS, and TP. In a lab-scale study conducted at influent N concentrations (NH4+-N 7.4 and NO3--N 4.0 mgl-1) but without medium, Acorus calamus was found to have much higher ability for NH4+-N removal and slightly higher ability for NO3--N removal compared to Phragmites australis (Wu et al., 2016). Removal efficiencies for total Kjeldahl nitrogen (TKN) of 57.2% and 65.8%  by Acorus calamus and Phragmites australis, respectively, reported in lab scale HSSFCWs (Leung et al., 2016) also suggest similar effects of different plant species on TN removal in wetlands. TN outlet concentration was 6.00 - 7.98, 5.83 - 7.79 mg l-1 in HSSFCW-A and HSSFCW-P respectively. We speculate that the main reason for the similar N removal efficiencies of the two plants in this study was the relatively low influent TN concentrations which meant that the different function of the plants was not revealed. The removal efficiency of TN by the HSSFCWs ranged from 38.1% to 51.6%, with a mean TN removal of 45.2%, similar to the value (48%) reported by for a HSSFCW with inlet TN concentrations from 37 to 61 mg l-1 (Bolton and Bolton, 2013). The nitrogen removed is either accumulated in the sediments or eliminated by denitrification, which can account for up to 94% of N removal (Reinhardt et al., 2006). The mean total removal efficiency for TN of the HSSFCWs combined the integrated vertical constructed wetlands was about 61%.


Fig. 2. Influent concentration and removal efficiency of nitrogen in the HSSFCWs, September-December 2012.
NH4+-N was the main nitrogen species in the wetland influent, accounting for a mean of 48.4% of the TN load. NH4+-N removal was not constant throughout the study period as shown in Fig. 2, and the removal efficiency declined from approximately 65% in September to 20% in December. A sharp decrease of NH4+-N removal efficiency occurred from November, which showed the more sensitive response of NH4+-N removal to the decrease of temperature (Fig. 3) than NO3--N. NH4+-N accounted for approximately 30% of the outflow TN in September but 70% in November and December, which is attributed to a decrease in nitrification rate in the wetlands due to the low temperature. The NH4+-N removal efficiencies of HSSFCW-A and HSSFCW-P were 20.7% - 63.0% and 21.5% - 66.9%, respectively. Lower water temperature limiting microbial activity and plankton assimilation may be partly responsible for the low NH4+-N removal during winter (Huang et al., 2013; Yates et al., 2016). Conventional pathways of NH4+-N removal in wetlands include volatilization, sorption, plant uptake, and nitrification, with the last two factors accounting for the majority of removal in constructed wetland systems (Forbes et al., 2010; Camacho et al., 2010). Volatilization of NH3 from the wetlands is unlikely to play a major role in NH4+-N removal since this pathway is only significant for wastewater with a pH over 10 (Garcia et al., 2010). In the HSSFCWs studied here the ionized form of ammonium was expected to be predominant due to the moderate effluent pH (7.32 - 7.72). Organic nitrogen can be initially removed via filtration and sedimentation, but it will be mineralized and released over time as NH4+-N (Gasiunas et al., 2005). 
The influent to the HSSFCWs was the integrated effluent from the vertical constructed wetlands, in which effluent NO3--N concentration increased by 27.4%-59.8% compared to that in the influent. Hence one of the key functions of the HSSFCWs was to provide effective denitrification. Inlet NO3--N concentrations ranged from 3.38 to 4.34 mg l-1 for the two HSSFCWs during the study period, while outlet NO3--N concentrations ranged from 2.39 to 2.69 mg l-1 with a mean concentration of 2.50 mg l-1. The effluent concentration of NO3--N was reduced in both HSSFCWs with a removal efficiency of 26.9% - 44.3%. NO3--N removal efficiency declined from approximately 45% in September to 25% in December. There was a significant positive correlation between the removal efficiencies of TN and NO3--N (r = 0.780, P = 0.003), using combined data for both constructed wetlands. NO2--N concentrations were low in both influent and effluents throughout the study period. NH4+-N is a preferred N source for microbial uptake when both NH4+-N and NO3--N are present (Recous et al., 1990). Taking into account the occurrence of nitrification in these HSSFCWs, NH4+-N was present and therefore, NO3--N uptake by microbes should be negligible (Coban et al., 2015).
A mathematical model predicting the nitrogen transformation in HSSFCWs was developed by Mayo and Bigambo (2005). They found that the main pathways contributing to nitrogen removal in a HSSFCW system were denitrification, plant uptake and net sedimentation, accounting for 61%, 21%, and 17% of the removed nitrogen. The metabolism of the plants affects the treatment processes to different extents, related to the type and operation of the constructed wetland. For example, nutrients assimilated by plants was only of quantitative importance in systems with a low loading (Brix, 1997). 
The temperature of the inflow water measured in this study ranged from 12 °C to 29 °C which was lower than the optimum temperature needed for nitrification (Hammer and Knight, 1994). Apart from TN the removal efficiencies of NH4+-N, NO3--N and NO2--N were significantly positively correlated with temperature in each of the study wetlands (Table 1). Previous research has suggested that the removal efficiency for nitrogen in constructed wetlands decreased sharply as temperature decreased (Stein and Hook, 2005). 
Table 1 Pearson correlation coefficients (r) between influent water temperature and removal efficiency of parameters in the constructed wetlands.
Parameters	Removal efficiency in HSSFCW-A		Removal efficiency in HSSFCW-P
	TN	NH4+-N	NO3--N	NO2--N		TN	NH4+-N	NO3--N	NO2--N
Temperature	0.791	0.969**	0.988**	0.831*		0.756	0.984**	0.990**	0.842*
* indicates statistically significant, P < 0.05. ** indicates statistically significant, P < 0.01.
3.2. Nitrification and denitrification intensity of the medium
For HSSFCW-A and HSSFCW-P the nitrification intensity of the medium in the rhizosphere was significantly higher than the non-rhizosphere (P = 0.009 and P = 0.013, respectively) (Fig. 3), indicating that NH4+-N removal was related to the presence of plants. The maximum nitrification intensity measured in the medium of the rhizosphere of the wetlands was 0.036 mg kg-1 h-1, considerably higher than the maximum in the non-rhizosphere of 0.028 mg kg-1 h-1. The higher nitrification intensity observed in the rhizosphere influenced nitrogen removal as well as the micro-environment of the wetland medium. The importance of nitrification for N removal is primarily in production of NO3--N, which then participates in denitrification reactions.


Fig. 3. Nitrification intensities of the medium of the rhizosphere and non-rhizosphere in the HSSFCWs. The columns show mean values and the error bars represent standard error of the mean (n=3).

In contrast to nitrification intensity, there was no significant difference in denitrification intensity between the medium of the rhizosphere and non-rhizosphere in both HSSFCWs (Fig. 4). As the bulk wastewater in HSSFCWs was anoxic due to a intermittent influent mode, the denitrification intensity wasn’t likely to be influenced by the plants in spite of the oxygen release from plant roots.


Fig. 4. Denitrification intensities of the medium of the rhizosphere and non-rhizosphere in the HSSFCWs. The columns show mean values and the error bars represent standard error of the mean (n=3).

3.3. Numbers of nitrogen removing bacteria in the constructed wetlands
The numbers of nitrogen removing bacteria in the biofilm attached to the wetland medium displayed a seasonal pattern in both wetlands, with higher values in September and October than in November and December except for HSSFCW-P rhizosphere (Fig. 5). Denitrifying bacteria were dominant, followed by nitrite-oxidizing bacteria, and then ammonia-oxidizing bacteria. Nitrogen bacteria numbers in the rhizosphere medium of Acorus calamus and Phragmites australis were significantly different, i.e. P = 0.007, P = 0.003, and P = 0.027 for the ammonia-oxidizing bacteria, nitrite-oxidizing bacteria, and denitrifying bacteria, respectively. Furthermore, the numbers of three kinds of bacteria were higher in both the rhizosphere and non-rhizosphere medium of HSSFCW-A than HSSFCW-P.


Fig. 5. Mean (n=3) number of nitrifying bacteria and denitrifying bacteria in the medium of the rhizosphere and non-rhizosphere of the HSSFCWs.

The growth of nitrifying bacteria depends on pH, temperature, dissolved ammonium concentration and oxygen concentration (Mayo and Bigambo, 2005). As the first three factors are controlled by the climate and influent characteristics which were the same for both wetlands, oxygen concentration is the main driver of any differences in numbers of nitrifying bacteria within and between the wetlands. The plant rhizosphere can influence microbial activity and density by providing root surfaces for biofilm attachment and a micro-aerobic environment via root oxygen release for microbe growth (Brix, 1997; Vymazal, 2011). In general, the numbers of nitrifying bacteria in the rhizosphere were greater than those in the non-rhizosphere in the study wetlands. In contrast, the number of denitrifying bacteria exhibited the opposite trend, which suggested that conditions in the non-rhizosphere were more favorable for denitrifying bacteria. The number of denitrifying bacteria was not significantly different in the rhizosphere and non-rhizosphere in HSSFCW-A. However, the mean number of ammonia-oxidizing bacteria and nitrite-oxidizing bacteria in the rhizosphere were larger than in the non-rhizosphere by 17.9% and 26.8%, respectively. In HSSFCW-P, significant differences were observed between the numbers of nitrite-oxidizing and denitrifying bacteria in the rhizosphere and the non-rhizosphere (P = 0.027 and P = 0.030, respectively). The total numbers of ammonia-oxidizing bacterial and nitrite-oxidizing bacteria in the rhizosphere were higher than in the non-rhizosphere. In contrast, the maximum number of denitrifying bacteria in the non-rhizosphere was 1.7 and 2.9 times the number observed in the rhizosphere for HSSFCW-A and HSSFCW-P, respectively. Despite the differences in bacteria numbers in the rhizospheres of the two constructed wetlands, the measured nitrogen removal was similar, suggesting that nitrogen bacteria in the rhizosphere were not primarily responsible for nitrogen removal. As the plants in HSSFCWs were planted at a spacing of 20 or 25 cm, the non-rhizosphere part was the major component of the constructed wetlands. we inferred that a difference between the removal efficiencies of the two constructed wetlands would not be apparent (or detectable) unless the nitrogen loading was sufficiently high. Further experiments with different nitrogen loadings would be required to verify this hypothesis, however, a significantly higher removal rate of TN by Acorus calamus than Phragmites australis was reported in experiments with in lab-scale constructed wetlands with a mean inlet TN concentration of 45 mg l-1 (Qiu et al., 2011). In addition, the intermittent feeding of the wetlands could also contribute to generating anoxic conditions suitable for denitrifying bacteria, resulting in larger numbers of denitrifying bacteria than nitrifying bacteria, in contrast to integrated vertical-flow constructed wetlands in which nitrifying bacteria are predominant (Peng et al., 2014). 
3.4. Oxygen concentrations at the surface of the plant roots
Aerobic decomposition of organic matter and nitrification is intensified with the transfer of oxygen to the rhizosphere by leakage mediated by macrophyte roots (Brix, 1997). Characterizing the release of oxygen around the rhizomes in constructed wetlands was therefore important for a better understanding of the oxidizing or reducing capabilities of the root zone. The maximum oxygen concentrations at the surface of the roots of Acorus calamus and Phragmites australis were 87.3 and 66.6 µmol l-1, respectively (Fig. 6). The mean oxygen concentration at the surface of the roots of Acorus calamus (82.7 µmol l-1) was significantly higher (P = 0.001) than from the roots of Phragmites australis (56.5 µmol l-1). The higher oxygen concentration at the surface of Acorus calamus roots indicates a more suitable environment for the growth of nitrifying bacteria. This is supported by the observations of a significantly higher number of nitrifying bacteria in the rhizosphere of the Acorus calamus constructed wetland compared to the Phragmites australis constructed wetland (Fig. 5). However, there does not appear to be clear evidence from Figure 3 that this translates into higher nitrification in the rhizosphere of the Acorus calamus constructed wetland compared to the Phragmites australis constructed wetland. This discrepancy is most likely attributed to the substrate (ammonia) limitation in the measurement of nitrifying intensities.

Fig. 6. Dissolved oxygen concentrations measured around the plant roots in the two constructed wetlands planted with different plant species. The columns show mean values and the error bars represent standard error of the mean (n=3).
3.5 Controls on N removal in the study wetlands
Nitrogen removal by plant assimilation has been reported to be a minor mechanism for N removal in constructed wetlands compared to the biological nitrogen removal (Stottmeister et al., 2003; da Costa et al., 2013). Two parameters mainly affect microbial nitrification—the water temperature and the oxygen availability (Kuschk et al., 2003). Oxygen is available around the rhizomes for respiration and is released into the rhizosphere to form an oxidative protective film in constructed wetlands (Białowiec et al., 2012). Therefore, nitrification could be favored in the aerobic microzone very close to the root surface due to the possible higher aeration potential of plants (Camacho et al., 2010). Analysis of the results of several studies comparing unplanted and planted wetlands showed that plants only marginally increased the removal rate of organic matter but clearly increased the removal rate of ammonium (Tanner, 2001).
Different species of plants could affect nitrogen removal through variation in oxidation rates of the wetland media, and they have different responses to seasonal changes and threats from surrounding ecosystems (Maltais-Landry et al., 2009). However, the treatment efficiencies did not differ between the wetlands planted with two different plant species in the current study, probably due to the low nitrogen loading. This illustrates the need to clarify the mechanisms more thoroughly by which different plant species affect nitrogen removal in constructed wetlands. Besides the influence of plant species, the oxygen release from the roots is related to some extent to light intensity, photosynthesis, stomatal aperture, and temperature (Stein and Hook, 2005). Temperature influences plant root oxygen indirectly as low temperature leads to low plant activity. The temperature of the inflow water ranged from 12 °C to 29 °C in the current study, and the dissolved oxygen concentration at the root surface of both Acorus calamus and Phragmites australis fell slightly with decreasing temperature (Fig. 5). 
In this study NO3--N were removed in the anoxic bulk liquid of wetlands by denitrifying bacteria, and it is even possible that the small amounts of NO3--N produced by nitrification in the more oxic zones around the root surfaces were transferred by diffusion or by flow through the media to the anoxic zone for denitrification (Camacho et al., 2010). When the oxidation-reduction potential in constructed wetlands increases, removal mechanisms associated with aerobic microbial activities, such as nitrification, are greater and removal mechanisms related to anaerobic microbial activities (such as denitrification and metal sulfide precipitation) are decreased (Stein and Hook, 2005). In this study the denitrification intensity and denitrifying bacteria numbers in the rhizosphere were lower than in the non-rhizosphere, suggesting that denitrification was inhibited by the presence of oxygen from plant roots. Other studies reviewed by Vymazal (2011) and in the case-study of Wang et al. (2016) compared nitrogen removal efficiency between planted and unplanted HSSFCWs and found variable results. Of the nine studies of NH4+-N removal, plants had positive effects in eight studies and no effect in the other study, whilst for NO3--N removal plants had no effect in three studies and a negative effect in the other study.

4. Conclusions
In both pilot-scale HSSFCWs, the nitrification intensity and the numbers of nitrite-oxidizing bacteria and ammonia-oxidizing bacteria in the rhizosphere medium were significantly higher than that in the non-rhizosphere, which was in accordance with oxygen release by the plant root. In contrast, the denitrification intensity and denitrifying bacteria number were higher in the non-rhizosphere medium in both constructed wetlands. Although the dissolved oxygen concentration at the root surface of Acorus calamus was significantly higher than that of Phragmites australis and more nitrogen bacteria were measured in the rhizosphere medium of Acorus calamus than for Phragmites australis, plant species had no significant effect on constructed wetland N removal over the three-month study period probably due to the relatively low N concentrations of the wastewater treated in the wetlands. In addition, the removal efficiencies of NH4+-N and NO3--N were significantly positively correlated with temperature in each of the study wetlands.
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